Objective To explore inadequate and excessive gestational weight gain (GWG) among pregnant women of different racial/ethnic backgrounds in Ontario, Canada. Methods A population-based retrospective cohort study was conducted among women who had prenatal screening and had a singleton birth in an Ontario hospital between April 2016 and March 2017. We estimated adjusted risk ratios (aRR) of racial/ ethnic differences for inadequate or excessive GWG using multinomial logistic regression models. Interaction effects were examined to determine whether racial/ethnic difference in GWG varied by pre-pregnancy body mass index (BMI). Results Among 74,424 women, the prevalence of inadequate GWG in White, Asian, and Black women was 15.7%, 25.8%, and 25.0%, and excessive GWG was 62.8%, 45.5%, and 54.7%, respectively. There were significant interaction effects between race/ ethnicity and pre-pregnancy BMI for inadequate GWG (Wald p < 0.01) and excessive GWG (Wald p < 0.01). Compared with White women, Asian women had higher risk of inadequate GWG and lower risk of excessive GWG in all weight classes, and Black women had higher risk of inadequate GWG and lower risk of excessive GWG if their BMI was normal, overweight, or obese. Conclusion Variations in unhealthy GWG by pre-pregnancy weight classes among Ontario White, Asian and Black women were observed. Individualized counseling regarding appropriate GWG is universally recommended. Additional consideration of racial/ethnic variations by maternal weight classes may help to promote healthy GWG in Canada.
Introduction
Inadequate and excessive gestational weight gain (GWG) have both been linked with a number of adverse maternal and neonatal outcomes, which in turn also vary by race/ ethnicity (Headen et al. 2012) . The United States (US) Institute of Medicine (IOM) developed GWG guidelines in 1990 and updated them in 2009, and these were adopted by Health Canada in 2010 (Health Canada 2010 . In Canada, more than half of women exceed the 2009 national guidelines for weight gain during pregnancy, and approximately one fifth of women gain below the recommendations (Dzakpasu et al. 2015; Kowal et al. 2012) , but data on racial/ethnic differences in GWG and their impact on adverse pregnancy outcomes were very limited. Exploring racial/ethnic variations in GWG is the first step to understand this issue in Canada. Previous studies have reported racial/ethnic differences in GWG, with visible minorities at increased risk of inadequate GWG and lower risk of excessive GWG (Headen et al. 2015; Kinnunen et al. 2016; Pawlak et al. 2015; Bahadoer et al. 2015) . A recent systemic review on GWG across three continents and diverse ethnicities indicated women in the United States and Europe have higher prevalence of GWG above guidelines and lower rates of GWG below guidelines than women in Asia (Goldstein et al. 2018) . However, knowledge is limited in several ways. First, most of the population-based studies on racial/ethnic differences in GWG were conducted in the USA or Europe, and only two small studies have been performed in Canada (Kowal et al. 2012; Larouche et al. 2010) . One study of 960 pregnant women from Montreal compared the GWG in six ethnic groups: White, Black, Latin American, East Asian, West Asian/Arab, and South Asian. No statistically significant differences were found between visible minorities and White women (Larouche et al. 2010) . Kowal et al. used Canadian Maternity Experiences Survey (MES) data to describe GWG among women from several backgrounds, including Aboriginal, British Isles or French, European, and North American; however, Asian and Black populations were not examined (Kowal et al. 2012) . Considering limitations of small sample size and selective participation bias in these studies, a larger population-based Canadian study is needed (Kowal et al. 2012; Larouche et al. 2010) . Second, although Canada and the USA share some social and economic similarities, results of studies conducted in the USA may not directly apply to Canada due to differing racial/ethnic composition of the population and context. In the USA, 13.3% of the total population identify as Black and 5.7% identify as Asian (US Census Bureau 2016). In Canada, only 3.5% of the total population identify as Black, and 17.7% identify as Asian which comprise the largest and fastest-growing visible minority group in Canada (Statistics Canada 2017) . Moreover, the majority of Black Canadians trace their family's arrival to sometime after 1960, while more than 85% of Black Americans trace their ancestry back three or more generations in the USA (Vickers and Annette 2012; Attewell et al. 2010) . As a consequence of immigration history, visible minority groups in Canada have increased gradually in recent decades. According to the 2016 Census, visible minorities now account for 22.3% of the total Canadian population and comprise 29.3% of Ontario's total population (Statistics Canada 2017). The two largest visible minority groups are Asian and Black, each with a population exceeding one million in Canada (Statistics Canada 2017) . Third, many studies used separate binary logistic regression models or one multinomial regression model to generate odds ratios of inadequate and excessive GWG (Liu et al. 2014; McDonald and Beyene 2015) . Few studies used multinomial regression models to estimate the risk ratio (RR) of unhealthy GWG, which will avoid multiple testing problems and have more precise and accurate estimates, thus leading to correct conclusions (McDonald and Beyene 2015; Camey et al. 2014) . Fourth, limited studies considered interaction effects between race/ethnicity and pre-pregnancy body mass index (BMI) on GWG, although studies indicated racial/ethnic disparities in pre-pregnancy BMI (Headen et al. 2015; Liu et al. 2014) .
Ontario, the most populous province in Canada, has a high level of racial/ethnic diversity, providing a unique opportunity to examine racial/ethnic variations in GWG in Canada. The purpose of our study was to examine racial/ethnic differences in GWG in Ontario using data from a population-based birth registry (Dunn et al. 2011 ).
Materials and methods

Study design and data sources
In this population-based retrospective cohort study, we used data obtained from the Better Outcomes Registry & Network (BORN) Ontario birth registry. The BORN registry contains maternal demographic characteristics including race/ethnicity and clinical information related to pregnancy, including obstetrical complications and gestational weight gain. It has been assessed as a reliable, high-quality, comprehensive source of perinatal information covering 100% of hospital deliveries in Ontario (Dunn et al. 2011; BORN Ontario. BORN Data Quality Report 2012 . The prenatal screening program within the BORN registry routinely collects maternal racial/ethnic information to modify screening algorithms. We obtained information on socioeconomic status, including neighbourhood household income and education quintiles by linking the birth registry with 2011 Census data by maternal residence postal code.
Study population
We restricted our study population to women who had prenatal screening during pregnancies that resulted in a singleton birth in any Ontario hospital between April 1, 2016 and March 31, 2017 . Approximately 70% of pregnant women received prenatal screening in Ontario in 2016 (BORN Ontario. Data Analysis for Annual Report 2014 Report -2016 Report . 2016 . Women who underwent prenatal screening were more likely to live in an urban area, receive care from an obstetrician, have a higher income, and have immigrant or refugee status (Hayeems et al. 2015) . Women with any of the following conditions were excluded: gestational age at birth < 22 weeks or > 42 weeks, maternal age < 19 years old, multiple pregnancies, and lethal fetal anomalies. Only the first birth was included for those women who had two births during the study year. Women with missing, mixed, or other racial/ethnic background other than White, Asian, and Black were also excluded. We further limited to pregnancies with complete and plausible data on GWG and BMI: BMI range of 15-70 kg/m 2 and GWG range of − 30-50 kg (McDonald et al. 2018 ).
Measures
Primary outcome
The primary outcome was total GWG, expressed as a categorical variable (inadequate GWG, adequate GWG, and excessive GWG) classified according to pre-pregnancy BMI category. Actual total GWG was the difference between maternal weight at delivery and pre-pregnancy weight as recorded in the BORN database. Total GWG recommendations from the IOM 2009 guidelines (which were adopted by Health Canada in 2010) were used to define inadequate, adequate, and excessive GWG (Table 1 ) (Health Canada 2010). Because GWG is associated with gestational length, we accounted for the duration of gestation in our calculations of expected GWG. Expected GWG was calculated based on IOM recommendations for the amount of weight gain during the first trimester, which varied by pre-pregnancy BMI (underweight, 2 kg; normal weight, 2 kg; overweight, 1 kg; obese, 0.5 kg) (Headen et al. 2015; Rasmussen and Yaktine 2009) and weight gain during the second and third trimester. The expected GWG was then calculated as the recommended first trimester gain + (gestational age − 13) × (weight gain during the second and third trimesters). We calculated the ratio of actual GWG to the expected GWG according to 2009 IOM recommendations. If the ratio fell into the recommended range, then the woman was classified as adequate GWG group. If the ratio fell above or below these ranges, then total GWG was considered to be excessive or inadequate, respectively (Table 1) (Liu et al. 2014) .
Exposure
Women's race/ethnicity (White, Asian, and Black) was our main independent variable of interest, which was selfreported and recorded by the prenatal care provider who completed the prenatal screening requisition.
Main covariate and modifier
Pre-pregnancy BMI, calculated by dividing self-reported prepregnancy weight (kg) by self-reported height (m), squared, was the main covariate and modifier. We used BMI categories based on the World Health Organization (WHO) standards: underweight (BMI < 18.5 kg/m 2 ), normal weight (18.5 ≤ BMI < 25 kg/m 2 ), overweight (25 ≤ BMI < 30 kg/m 2 ), or obese (BMI ≥ 30 kg/m 2 ) (World Health Organization n.d.).
Other covariates
We also included a wide range of potential confounders for unhealthy GWG, including pre-pregnancy BMI categories (underweight, normal, overweight, or obese), mother's age at birth (≤ 24, 25-29, 30-34, or ≥ 35 years) , neighbourhood household median income quintile (lowest, 2nd, 3rd, 4th, highest), neighbourhood education quintile (percentage of adults 26 to 64 years having a university degree), parity (nulliparous or multiparous), conception type (in vitro fertilization, intrauterine insemination, or no assisted reproductive technology), smoking during pregnancy (yes or no), preexisting maternal health conditions (chronic hypertension, diabetes, chronic heart disease, pulmonary disease [yes or no]), and antenatal health care provider (inclusive of family physician, obstetrician, family physician and obstetrician, midwife, other, or none).
Statistical analysis
Maternal demographic characteristics and clinical factors were compared among the three racial/ethnic groups. We described continuous variables by mean ± standard deviation (SD) and categorical variables by count and percent (%). We assessed the associations between covariates and race/ethnicity using analysis of variance or Kruskal-Wallis H tests for continuous data and chi-square tests for categorical data.
Prevalence of inadequate and excessive GWG stratified by pre-pregnancy BMI categories was examined among White, Asian, and Black women. Multinomial logistic regression models were used to estimate the adjusted risk ratio (aRR) with 95% confidence intervals (CI) of inadequate or excessive GWG across race/ethnicity groups, with White women as the reference (SAS Institute Inc 2016). We first obtained the model parameter estimates and GWG probabilities for each race/ethnicity from a statement of PROC LOGISTIC and then calculated the RR and 95% CI by using the NLEstimate macro (SAS Institute Inc 2016). Potential confounders were identified by comparing the measure of association before and after adjusting for confounders. If the difference between the two measures of association was 15% or more, the confounder was adjusted in the multivariate model. Even though adjustment for socio-economic status (SES) has been considered a form of overadjustment on causal intermediates and leads to biased estimates of the total effect in some ethnicity studies, we still adjusted for SES in models as it is difficult to remove confounding effects of SES when investigating racial/ethnic disparities in health outcomes. We used multiple imputation methods to account for missing data on the following covariates: neighbourhood household income (6.3% missing), education (5.6% missing), parity (0.6% missing), and antenatal health care provider (2.0% missing). Ten datasets were imputed by using the fully conditional specification (FCG) logistic regression method. We also conducted a sensitivity analysis to compare our main results using imputed data, with a complete case analysis. Interaction effects were also tested to determine whether racial/ethnic differences in GWG varied by pre-pregnancy weight category. We used Wald tests to assess the significance of interaction for both inadequate and excessive GWG at the p ≤ 0.10 level. If significant interaction was detected, we reported the magnitude of racial difference within each stratum of pre-pregnancy weight class. All analyses were performed using the Statistical Analysis System (SAS) for Windows, version 9.4 (SAS Institute, Cary, NC), with 2tailed tests and a significance level of p < 0.05. 
Results
Following exclusions, a total of 74,424 women were included in the study. Of these, 64.0% were Whites, 29.1% were Asians, and 6.9% were Blacks (Fig. 1) . Table 2 shows the distribution of selected characteristics by race/ethnicity. Compared with White women, Asian women were older, less likely to be obese, more educated, less likely to smoke during pregnancy, and less likely to have chronic disease. Compared with White women, Black women were more likely to be obese, more likely to reside in a neighbourhood in the lowest income quintile, and less likely to smoke during pregnancy. Table 3 shows the distribution of inadequate and excessive GWG across the three racial/ethnic groups. Overall, 19.3% of women had inadequate GWG and more than half (57.2%) of women had excessive GWG. The prevalence of inadequate GWG was higher in Asian (25.8%) and Black women (25.0%) than in White women (15.7%). Conversely, Asian women and Black women had a lower prevalence of excessive GWG (45.5% and 54.7%) than White women (62.8%). Table 4 shows the aRR of unhealthy gestational weight gain among three race/ethnicity groups. Compared with White women, after adjusting for maternal demographic and clinical characteristics, the overall aRRs of inadequate GWG were 1.20 (95% CI, 1.18, 1.22) and 1.29 (95% CI, 1.24, 1.33) for Asian and Black women, respectively, and aRRs of excessive GWG were 0.72 (95% CI, 0.71, 0.73) and 0.83 (95% CI, 0.80, 0.86) for A sian and B lack women, respectively.
There were significant interaction effects between race/ ethnicity and pre-pregnancy BMI for inadequate GWG (Wald p < 0.01) and excessive GWG (Wald p < 0.01). Thus, stratified results by pre-pregnancy BMI were shown in . Our sensitivity analysis showed that point estimates using multiple imputation for missing covariates were similar to our complete cases results ( Supplementary Table 1 ).
Discussion
Our study, based on a large multi-ethnic cohort, found that GWG varied among White, Asian, and Black women by pre-pregnancy BMI, even after accounting for the difference in baseline characteristics of the groups. Compared with White women, Asian women regardless of their prepregnancy weight classes and Black women except underweight had higher risk of inadequate gestational weight gain and lower risk of excessive gestational weight gain. Excessive GWG was, however, an important issue for all racial/ethnic groups. Although minority women appeared to gain less weight than White women, they were still not protected from excessive GWG. We also observed significant modification effects of race/ethnicity and pre-pregnancy BMI groups on inadequate GWG and excessive GWG in this study.
To our knowledge, this is the first population-based study in Canada that examines racial/ethnic differences in GWG among White, Asian, and Black women. The overall prevalence of inadequate and excessive GWG observed in our study were consistent with those from a Canadian surveillance report, which showed that approximately 20% of women have inadequate GWG and more than 50% of women have excessive GWG (Dzakpasu et al. 2015; Kowal et al. 2012) . Studies from the USA indicate that the prevalence of unhealthy GWG varies among non-Hispanic White, non-Hispanic Black, and Hispanic women, with Hispanic and Black women being more likely to have inadequate GWG and less likely to have excessive GWG compared with White women (Headen et al. 2012; Pawlak et al. 2015; Liu et al. 2014; De Jongh et al. 2014; Vanstone et al. 2017; Mendez et al. 2016; Hunt et al. 2013) . However, in the US studies, Asian women were combined with other racial/ethnic groups or were removed from analysis due to the small population (Headen et al. 2012; Pawlak et al. 2015; Liu et al. 2014; De Jongh et al. 2014; Vanstone et al. 2017; Mendez et al. 2016; Hunt et al. 2013) . With a relatively high proportion of visible minority populations in Ontario, particularly for Asian women, our study provides further evidence on the differences between GWG in White and Asian women-Asian women in Ontario are more likely to have inadequate GWG and less likely to gain excessive weight during pregnancy than White women, regardless of weight classes. Our findings contradict those from a small study conducted in Montreal in a tertiary care centre, which compared GWG within six racial/ethnic groups and found no significant differences between visible minorities and White women in GWG (Larouche et al. 2010) . The inconsistency between our study and the Montreal study is most likely related to the lack of study power in the Montreal study, which only included 960 women in total, fewer than 400 of whom represented ethnic minorities (Larouche et al. 2010 ).
An important contribution of this study is its more appropriate method of estimating the RR by using a multinomial logistic regression model (SAS Institute Inc 2016). Instead of using separate binary logistic regression models to generate odds ratios of inadequate and excessive GWG (each compared with adequate GWG), we used one multinomial logistic regression model, which can overcome other drawbacks of separate binary models, such as redundancy and loss of information that result when only a subset of the data is analyzed at a time, as well as multiple testing problems that arise from analyzing several pairs of categories (McDonald and Beyene 2015) . Moreover, directly estimating the risk ratios for common outcomes (> 10%) is less biased than odds ratios (Camey et al. 2014) . To our knowledge, multinomial logistic regression model does not provide RR directly, but the NLEstimate macro using the fitted model information saved with the STORE statement in PROC LOGISTIC could produce RR and 95% CI (SAS Institute Inc 2016). In addition, our large sample size provided sufficient power to test the interaction between race/ethnicity and pre-pregnancy BMI on unhealthy GWG, and our findings of interaction effects were consistent with several other large studies (Headen et al. 2015; Camey et al. 2014; Fontaine et al. 2012; Hickey et al. 1999 ), but differ from the results from two smaller studies (Pawlak et al. 2015; Caulfield et al. 1996) .
There were several limitations of our study. Pre-pregnancy weight, weight at delivery, and racial/ethnic information were all self-reported. Although high concordance has been observed between self-reported and clinically recorded weight as well as between birth certificate data and clinically recorded GWG (Natamba et al. 2016; Holland et al. 2013; Bannon et al. 2017) , studies using measured weight are needed to address these limitations and confirm our study findings. Goldstein et al. indicated Exclude (n=3,974): · Multiple gestation (n=2,838); · Gestational age <22 weeks (n=122); · Gestational age >42 weeks (n=22); · Maternal age<19 years old (n=589); . Maternal age is missing (n=238); · Fetal lethal anomaly, genetic syndrome, chromosomal anomaly (n=192); · Second gestation in women who had two births in the study year (n=17) Women with singleton birth (N=92,533)
variations in GWG between Asian and women
Exclude (n=9,976): · Body mass index (BMI) is missing (n=4,874); · Gestational weight gain (GWG) is missing (n=8,497); · Implausible records of BMI (out of range of 15-70kg/m 2 ) (n=143); · Implausible records of GWG (out of range of -30-50 kg) Multinomial logistic regression models were used to estimate the risk ratios.
Multiple imputation methods were used to impute missing values of covariates. Missing values of median household income, education level, parity, and antenatal care provider were imputed by fully conditional specification (FCS) logistic regression method. a Models were adjusted for pre-pregnancy BMI, maternal age, maternal neighbourhood household median income level, neighbourhood education level, parity, conception type, smoking during pregnancy, maternal pre-existing health problem, and antenatal health care provider b Models were adjusted for maternal age, maternal neighbourhood household median income level, neighbourhood education level, parity, conception type, smoking during pregnancy, maternal pre-existing health problem, and antenatal health care provider limited our ability to examine the effect by gestational periods. We were unable to investigate the differences in GWG between South Asian and East Asian women due to the lack of specific identity information for these two racial/ethnic groups in the database. Differential findings from East Asia compared with those from South Asia have been reported for both obesity and GWG (Kinnunen et al. 2016; Yi et al. 2015) . In addition, selection bias may have resulted from exclusion of women who did not complete prenatal screening, but the direction and magnitude are uncertain. Finally, although adjustment was conducted for a range of potential confounders, residual confounding may still exist.
Conclusion
Our large population-based study revealed variations in maternal gestational weight gain among White, Asian, and Black women in Canada. In terms of racial difference, we found Asian women in all pre-pregnancy weight classes and Black women if their BMI was normal, overweight, or obese had higher risk of inadequate GWG and lower risk of excessive GWG than White women. Further work should examine whether the racial/ethnic differences in pre-pregnancy GWG by trimester and whether racial/ethnic differences in GWG lead to differences in maternal and childhood outcomes. Individualized counseling regarding appropriate GWG is currently universally recommended in Canada. Additional consideration of racial/ethnic variations may help promote healthy pregnancy-related weight gain.
